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Abstract 
It is widely known that mathematics and science are among the subjects that present the most learning difficulties for students. 
Another well-supported finding is that playing is one of the most important ways in which small children learn. In this context, a 
subject matter was newly developed in the final year of a Bachelor’s Degree in Early Childhood Education, at the University of 
Granada (Spain), with the aim of applying play to the teaching of science and mathematics to children. The idea is to take 
advantage of the beneficial aspects of playing for the learning process, in order to improve science and mathematics education 
from early childhood. A study using both quantitative and qualitative methods was conducted to examine the pre-service 
teachers' conceptions of play, science, mathematics, and education. An open-ended questionnaire with four parts was used. The 
first and second parts were related to play and its social and educational implications, while the third part dealt with scientific and 
mathematical thinking. The last part concerned the relationships among play, science, mathematics, and education. After a 
qualitative analysis, on average, 17 emerging categories were found in each query and 18% of them was provided by each 
student teacher. The quantitative analysis of the data reveals that 79% of pre-service teachers referred to learning when asked 
about play, and also 71% alluded to social interactions among the children and the learning opportunities, concerning the social 
and educational implications of playing. For the student teachers, to interpret reality through abstractions (35%) and to 
experiment (29%) are the main characteristics of mathematics and science, respectively, and 29% emphasized daily-life aspects, 
too. The most relevant aspect (56%) regarding the relationships among play, science, mathematics, and education was that 
playing could develop scientific and mathematical thinking. 
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1. Introduction 
A well-supported finding is that playing is one of the main ways in which small children learn (Garaigordobil, 
2008; Menchén, 1989; Michelet, 1977; Thió, Fusté, Martín, Palou and Masnou, 2007). Pointing out games as 
refuges of academic tedium for youth's creative inquisitiveness leads to the recognition of the educational power of 
play. We share a positive vision of playful learning as a means for children to become socially developed, 
psychologically balanced, and scientifically trained (Broadhead, 2006; Cooney, 2004; Garaigordobil, 2002; 
Pramling and Asplund, 2008, Vygotski, 1982). 
At the University of Granada (Spain), a subject matter was introduced in the last year of the Bachelor’s Degree in 
Early Childhood Education called “Mathematics game library and science playroom”. This subject curriculum has 
been newly designed and developed with aim of applying games and ludic resources to children's education in 
science and mathematics (Aubert, 1984; Grunfeld, 1978). It is widely known that mathematics and science are 
among the subjects that present the most learning difficulties for students. Games and ludic resources, by 
motivation, may encourage an earlier introduction into science and math instruction and also may foster more 
significant learning (Agostini, 1985; De Guzmán, 1984; De la Guerra, 2002; Gardner, 1985; Henniger, 1987; 
Wolfgang, Stannard and Jones, 2001, 2003). The general idea is to take advantage of the beneficial aspects of 
playing for the learning process in order to improve science and mathematics education from the early childhood 
and to avoid future handicaps in the primary school. As a result, games and ludic resorcesalso become invaluable 
tools for kindergarten teacher training in science and mathematics. 
With the positive power of playful learning as the starting point, we have developed research within the 
framework of the aforementioned subject matter. In the present work, we report some results of this research, 
regarding pre-service kindergarten teachers' conceptions of play, science, mathematics, and education. 
2. Method 
The research was descriptive and was based on a qualitative-interpretive paradigm. We sought to explicitly state 
the thought of pre-service teachers, giving them the opportunity to express in their own written words, their 
conceptions, hypotheses, and assessments of the key themes of the subject matter: play, scientific and mathematical 
thinking, kindergarten education, and society. By means of the interpretation of that expressedby the 
studentteachers, we try to display how they assemble these elements in conceptual fields and networks, as they are 
intended to act as implicit mediators of their professional performance when working with children. 
The interpretation research was conducted from a pragmatic and social-constructivist theoretical framework. In 
our pragmatic approach, Wittgenstein is key. The Austrian thinker pointed out that the linguistic symbol system 
represents thinking and explains our relationship with the world. He justified the ordinary use of language from a 
pragmatic position that took into account all elements of communication, not only the syntactic and referential, and 
brought about many language games (De la Guerra, 2002; Tomasini, 2001). A word, then, may have different uses. 
The mistake of logicist currents is to believe that we only talk about things, when such use is only one of many 
possible ones. Consequently, the right question is not about the meaning of a word, but rather about the meaning of 
the uses of this word (Jiménez, 2012). 
Wittgenstein argued the validity of his theory of knowledge using the example of the word "game". He said that 
if people were asked what a game is, most of the respondents would not provide a definition of game but would 
answer alluding to tennis, football, lottery, i.e. the game that proved most familiar to them or that they had played a 
few times. This is because knowledge is constructed through paradigmatic examples, language games (Sprachspiel) 
and family resemblances(Familienähnlichkeiten), not by objective concepts (Padilla, 2013;Wittgenstein, 1988). 
A solid background is also provided by the sociology of knowledge, which remains the basis for the methods of 
qualitative understanding of human societies, especially for the contribution to the understanding of the nature of 
science (Berger and Luckmann, 1966). Finally, we take a socio-constructivist perspective of scientific and 
mathematical knowledge (Ernest, 1997). 
For a data-collection instrument, we prepared an open-ended questionnaire about play, education, and 
mathematical and scientific thinking. Student teachers (N = 34) answered the questionnaire at the first class session, 
before starting the development of the subject program. Given the optional nature of the subject matter, a favourable 
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predisposition towards the role of play in the construction of mathematical and scientific thinking is expected among 
the students involved. We take the technique of content analysis of the speech (Babbie, 2012; Pérez, 1994) as a 
model for the query qualitative analysis and we added a quantitative analysis of the results found. The qualitative 
analysis revealed the emergence of different labels or common conceptions that we call emerging categories (Pérez, 
1994). Subsequently, we present the results of the analysis of the questionnaire concerning pre-service kindergarten 
teachers’ conceptions. 
3. Results and discussion 
After a qualitative analysis, in the first part of the open-ended questionnaire, 18 emerging categories were found 
and 19% of them, on average, were provided by each pre-service teacher. The highest percentage of categories 
provided by a student teacher in the first query was 44%. Table 1 presents the results of this part of the questionnaire 
which was related to play. Percentages refer to the total number of pre-service teacher involved. 
Table 1.Pre-service kindergarten teachers’ conceptions about play. Uncertainty of percentages = 1%. 
Emerging categories Pre-service kindergarten teachers (%) 
Learning  79 
Fun  74 
Social interactions 38 
Physical development  24 
School material  18 
Rules  18 
Discovery of the environment  12 
References to authors  12 
Voluntary activity  9 
Autonomy  9 
Emotions  9 
Experimentation  9 
Creativity  6 
Expression and communication  6 
Vital need  6 
Typology 6 
Universal range 3 
Competition 3 
 
As shown, there is a coincidence between the majority opinion about what the game is and those stated by 
Wittgenstein: the largest emerging category shows that, for pre-service kindergarten teachers, the game is a learning 
tool which the children enjoy. The immediate environment in the pre-service teacher training is the academic one. In 
this framework, pre-service teachers have built a language in which game means learning method, and this is 
reflected in the results. Some answers referred to authors who theorize about the game in early childhood education 
and whose educational materials are famous (Montessori, Froid, Piaget, Vygotski). In the family resemblance of 
teachers in training, everything is in the education field. 
In the second part of the open-ended questionnaire, the qualitative analysis led to 19 emerging categories; 20% of 
them were provided by each pre-service teacher on average, while 42% was the highest percentage of categories 
presented by a student teacher. Table 2 presents the results of the second query, related to social and educational 
implications of play. Percentages refer to the total number of pre-service teacher involved. 
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Table 2.Pre-service kindergarten teachers’ conceptions aboutsocial and educational implications of play.Uncertainty of 
percentages = 1% 
Emerging categories Pre-service kindergarten teachers (%) 
Learning  71 
Social interactions 71 
Values 32 
Fun  29 
Social rules or norms  29 
Teaching  29 
Expression and communication 24 
Discovery of the environment 12 
Emotions  12 
Experimentation  12 
Self-knowledge  12 
Roles  9 
Conflict resolution 6 
Customs and culture 6 
Parental involvement in learning 6 
Autonomy 6 
Challenges 3 
Creativity  3 
Self esteem 3 
It can be seen that most categories emerging from this query coincide with those of the previous one since, as 
pointed out, for the pre-service teachers nearly all the answers fell within the educational context. Learning, social 
interactions, and fun were again among the major features brought up by the student teachers. Noteworthy is the 
addition of values’ transmission, concerning the social and educational implications of playing. 
The number of emerging categories found in the third part of the questionnaire was 17, with 15% of them being 
the average provided by each pre-service teacher, and 28% being the maximum. The results of this query, dealing 
with scientific and mathematical thinking, are listed in Table 3. Percentages refer to the total number of pre-service 
teacher involved. 
The results showed that, for pre-service kindergarten teachers, to interpret reality through abstractions and to 
experiment are the main characteristics of mathematical and scientific thinking, respectively. The student 
teachersalso emphasized daily-life aspects of both mathematics and science, and pointed out the interrelationship 
between them. It bears noting that argument, reasoning, and discussion count among the major features of scientific 
and mathematical thinking, also.  
In the last part of the open-ended questionnaire, 12 emerging categories were found, of which17% were provided 
by each pre-service teacher, on average. The highest percentage of categories provided by a student teacher in the 
first query was 33%. Table 4 presents the results of this query, concerning the relationships among play, science, 
mathematics, and education. Percentages refer to the total number of pre-service teachers involved. 
As the results reveal, for kindergarten pre-service teachers, the most relevant aspect regarding the relationships 
among play, science, mathematics, and education was that playing could develop scientific and mathematical 
thinking. A considerable number of respondents resorted to examples for explaining their stance, in accordance with 
the Wittgenstein idea of language games, which assert that words can have different uses. As shown, the categories 
emerging from this part of the questionnaire are mostly consistent with the mixture of those emerging from the 
previous parts. A great number of student teachersaffirmed that education uses games as a learning tool and through 
play children socialize with their peers. Mathematics and Science were also considered essential to living, which is a 
matter of education. Some answers mentioned that games can be analysed by scientific and mathematical thinking, 
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agreeing with the use of game analysis, projection, design, and evaluation as tools for teacher training in science and 
mathematics.  
Table 3.Pre-service kindergarten teachers’ conceptions about scientific and mathematical thinking.Uncertainty of 
percentages = 1%. 
Emerging categories Pre-service kindergarten teachers (%) 
Interpretation of reality through abstractions (Mathematics) 35 
Daily-life aspects  29 
Experimentation (Science) 29 
Interrelationship 26 
Argument, reasoning, and discussion 24 
Observation (Science) 21 
Academic bent or academicism 15 
Hypothesis:  raising and verification or rejection (Science) 15 
Reflection (Mathematics)  15 
Understanding the world:  phenomena and relationships  15 
Application or particularization of Mathematics (Science) 9 
Objectivity  9 
Deduction 6 
Analysis  3 
Cause-effect relations (Science) 3 
Scientific method 3 
Solving real problems 3 
Table 4. Pre-service kindergarten teachers’ conceptions about relationships among play, science, mathematics, and 
education. Uncertainty of percentages = 1%. 
Emerging categories Pre-service kindergarten teachers (%) 
Playing could develop scientific and mathematical thinking 56 
Education uses the game as a learning tool 32 
Presentation of examples 29 
Through play children socialize with their peers 29 
Playing requires the use of mathematical and scientific thinking  18 
Scientific and mathematical thinking have many common aspects 18 
Mathematics and Science are ways of looking closer reality 6 
Education involves social interaction  3 
Games can be analyzed by scientific and mathematical thinking  3 
Mathematics and Science are essential to get on in life, which is a matter of 
education 
3 
Play, scientific and mathematical thinking, all are spontaneous in the child 3 
Science uses mathematical issues that arise in society 3 
4. Conclusions 
In this work, we present the some results of research developed within the framework of a university subject 
matter aimed at applying play to science and mathematics education of children, and aimed at using games and ludic 
resources for teacher training in science and mathematics.  
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An open-ended questionnaire with four parts was used to examine the kindergarten pre-service teachers' 
conceptions of play, science, mathematics, and education. The first and second parts were related to play and its 
social and educational implications, while the third part dealt with scientific and mathematical thinking. The last part 
concerned the relationships among play, science, mathematics, and education. Both quantitative and qualitative 
methods were used to analyse the results. 
On average, 17 emerging categories were found in each query and 18% of them were provided by each 
teacherstudent. The data reveals that 79% of pre-service teachers referred to learning when asked about play, and 
also 71% alluded to social interactions among the children and the learning opportunities, concerning the social and 
educational implications of playing. For the pre-service kindergarten teachers, to interpret reality through 
abstractions (35%) and to experiment (29%) are the main characteristics of mathematics and science, respectively, 
and 29% emphasized daily-life aspects, also. The most relevant aspect (56%) regarding the relationships among 
play, science, mathematics, and education was that playing could develop scientific and mathematical thinking. 
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